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Project origin: Discussions with industry about issues related to combustion
operability and fuel injector manufacturing
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Current fuel injector designs do well at flame stabilization for a moderate rang
fuel compositions, operating conditions

Stable combustion

Off-design operation

Unstable combustion

DOE University Turbine Systems Research
Program, Mark Freeman (contract monitor),
Grant DEFE0025495
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hydrodynamic stability analysis
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Fuel injectors are notoriously difficult to manufacture and can be comprised o
dozens of components, assembled by hand

Complex aerodynamic surfaces

Small orifices with specified
surface finish

Internal flow passages

Solar Turbinegttps://www.youtube.com/watch?v=hrOYuGMQ



https://www.youtube.com/watch?v=hrOYuGM-tfQ

Goal of this project Is to create a design optimization paradigm that marries
combustion physics and manufacturing

Dynamic flame
stability

Fuel flexibility Manufacturability



The team is comprised of three Pls and two grad students from Penn State at
Industrial partners Solar Turbines
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Technical approach uses an optimization framework for incorporating combus
and manufacturing constraints
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Highfidelity combustion simulation uses ST&RM+ to allow more rapid industry
adoption

T Large eddy simulation (LES) using $J@IR+

S—

T Flamelet generated manifold (FGM) model

T Unstructured polyhedral mesh (~16.7 million cells g8

combustor pressure quartz combustor wall

main flame
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method transducers
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Project objectives center around four gaps in the fuel injector design process
Industry

T Integrate issues related to flame static and dynamic stability more seamles
Into the design process

T Incorporate the use of hydrodynamic stability analysis for prediction of dyn
stablility issues for efficient computational prediction

T Incorporate higHidelity, multiphysics modeling into optimization processes

T Link postprocessing steps of the AM component into the design optimizatic
process



Project objectives center around four gaps in the fuel injector design process
Industry

T Task 1: Project management and planning

T Task 2: Establish baseline

T Task 3: Develop design optimization tool

T Task 4: Implement optimization process on baseline configuration
T Task 5: Design process improvement

T Task 6: Integration of improved design process

T Task 7: Final process testing and technology transfer
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Injector surfaces are defined using NURBS to allow for precise shape quantif
and flexibility in changing the shape

NURBS Surface:
Non-Uniform Rational BasisSplines
A Super set of all surfaces:

A Standard

A Freeform

A Enable local control
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Source: The NURBS Book (1997)

A Control points coordinates (in u & v)
A Number of control points (in u & v)
A Weights (for all control points)

A Degree (in u & v)

A Knot vectors (in u & v)
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NURBS Python
(geomd)

A Visualization
A Manipulation
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